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([T75], [G93]). , $\Pi$ , $X$
$x$ $\Pi$ $p=\pi(x)$ $\pi$ . $\mathrm{Y}$
$y$ , $P\in\Pi$ $L(y,p)$ .
, $\pi$ $R(\theta, \pi):=E_{\theta}[L(\mathrm{Y}, \pi(x))]$






, $\mathrm{B}\mathrm{j}\emptyset \mathrm{m}\mathrm{s}\mathrm{t}\mathrm{a}\mathrm{d}[\mathrm{B}90]$ ,








$X=(X_{1}, \cdots, X_{n})$ , $\mathrm{Y}=(\mathrm{Y}_{1}, \cdots, \mathrm{Y}_{m}),$ $Z$
$\sum_{i=1}^{m}$ $\mathrm{Y}$ $\mathrm{Y}$ . , (X, Y)
$(\mathrm{j}.\mathrm{p}.\mathrm{d}.\mathrm{f}.)f_{X,Z}^{\theta}(x, z)$ . $\theta$ . ,
$X$ , $Z$ .
, $Z,$ $\theta$ , $\theta$ $Z$
. , $(Z, \theta)$ $l_{x}(z, \theta):=f_{X,Z}^{\theta}(x, z)$
$\theta$ $Z$ $L(z|x)$ .
$L_{p}(z|x)= \sup_{\theta}f_{X,Z}^{\theta}(x, z)=l_{x}(z,\hat{\theta})$
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–$f_{0}(z|x)=k(x) \int_{-\infty}^{\infty}l_{x}(z, \theta)d\theta$
, . , $\hat{\theta}$ $\theta$ (MLE), $k(x)$
.
2.2
, $X_{1},$ $\cdots,$ $X_{n},\mathrm{Y}_{1},$ $\cdots,$ $\mathrm{Y}_{m}$ $N(\theta, \sigma_{0}^{2})$
. $\sigma_{0}^{2}$ . $Z:= \sum_{1=1}^{m}.\mathrm{Y}_{1}/m$ , $L_{p}(z|x)$
$f_{0}(z|x)$
$N(\overline{x},$ $( \frac{1}{m}+\frac{1}{n})\sigma_{0}^{2})$
$\mathrm{p}.\mathrm{d}.\mathrm{f}.L_{0}$ . , $x:=(x_{1}, \cdots, x_{n}),\overline{x}=(1/n)\sum_{i=1}^{n}x_{i}$
. $X:=(X_{1}, \cdots, X_{n})$ $(\mathrm{j}.)\mathrm{p}.\mathrm{d}.\mathrm{f}$. $X$ $Z$
$f_{X}^{\theta}(x)=(2 \pi)^{-\frac{n}{2}}\sigma_{0}^{-n}\exp\{-\frac{1}{2\sigma_{0}^{2}}\sum_{1=1}^{n}(x_{i}-\theta)^{2}\}$
. , $\theta=(\theta, \cdots, \theta)$ . $Z$ p.d.f.
$f_{Z}^{\theta}(z)= \frac{\sqrt{m}}{\sqrt{2\pi}\sigma_{0}}e^{-\frac{mz-\theta\}^{2}}{2\sigma_{0}^{2}}}$
‘












. , $\propto$ . -




, $=L_{0}$ . $L_{\mathrm{p}}(\cdot|x)$ $(.|x)$
.
2.3
, $X_{1},$ $\cdots,X_{n},$ $\mathrm{Y}_{1},$ $\cdots,$ $\mathrm{Y}_{m}$ $\mathrm{B}\mathrm{e}\mathrm{r}(\theta)$




$(z=0,1, \cdots, m)$$f_{0}(z|x)= \{/\}\cdot\frac{n+1}{m+n+1}$
. , $Z$ . , $X:=(X_{1}, \cdots,X_{n})$
(j.p.m.f.)
$f_{\mathrm{X}}^{\theta}(x)=\theta\Sigma \text{ _{}\sim^{x\backslash }}(1-\theta)^{n-}\Sigma_{j}^{n}=1x:=\theta^{s}(1-\theta)^{n-s}$ $(s=0,1, \cdots, n)$
, $Z$ p.m.f.
$f_{Z}^{\theta}(z)=\theta^{z}(1-\theta)^{m-z}$ $(z=0,1, \cdots, m)$













. , $k(x)$ . , $k(x)$ , $k(x)=$
$\cdot(n+1)$
(z| ) $= \{/\}\cdot\frac{n+1}{m+n+1}$
. , $Z$ .
24
, , ,
$([\mathrm{A}03], [\mathrm{H}00], [\mathrm{H}\mathrm{H}98|)$ . $L(z|x)$





$R_{x}(c)$ $1-\alpha$ $L(z|x)$ . $L(z|x)$ $z$
, $R_{x}(c)$ , .
, $L(z|x)$ $L_{\mathrm{p}}(z|x),$ $f_{0}(z|x)$
.




, $Z=(1/5) \sum_{j=1}^{5}Y_{j}$ .
$\theta_{0}$ $N(\theta_{0}, \sigma_{0}^{2})$ 25 , $Z$
. , 1000 ,
. $\theta_{0}=0,$ $\sigma_{0}^{2}=1$ 21, $\theta_{0}=1,$ $\sigma_{0}^{2}=4$ 22
.
20
, $X_{1},$ $\cdots,$ $X_{n},$ $\mathrm{Y}_{1},$ $\cdots,$ $\mathrm{Y}_{m}$ $\mathrm{E}\mathrm{x}\mathrm{p}(\lambda)$
. , $Z:=(1/m) \sum_{j=1}^{m}Y_{j}$ ,
$\frac{m^{m}}{\Gamma(m)}e^{-(n+m)}(\frac{n+m}{n\overline{x}+mz})^{n+m_{Z^{m-1}}}$
. , $n=25,$ $m=5$ $Z=(1/5) \sum_{j=1}^{5}\mathrm{Y}_{j}$
.
$\lambda_{0}$ $\mathrm{E}\mathrm{x}\mathrm{p}(\lambda_{0})$ 25 , $Z$
. , 1000 ,
. $\lambda_{0}=1$ 23, $\lambda_{0}=2$ 24 .
2.3 2.4
, 23 , $n=25,$ $m=5$ .
, p.d.f.
$(z=0,1, \cdots, m)$$\{/\}\cdot\frac{n+1}{m+n+1}$
, $Z= \sum_{j=1}^{5}\mathrm{Y}_{j}$ .
, $Z$ , , $c_{1}$ ,
$c_{2}(c_{1}<c_{2})$ $[c_{1}, \mathrm{c}_{2}]$ ,
. , $1-\alpha$ ( )
$\phi(Z)=\{$
1 $(c_{1}\leq Z\leq c_{2})$ ,
$\gamma$ $(Z=c_{1}-1,c_{2}+1)$ ,
$0$ ( )
. , $c_{1}$ , c2 $0\leq\gamma\leq 1$ $E(\phi)=1-\alpha$ .
, , .
21







, $\{c_{1}-\gamma\leq T\leq c_{2}+1+\gamma\}$ $\phi$
.
, $P\{Z=c_{1}-1\}$ $P\{Z=c_{2}+1\}$ , $P\{Z=c_{1}-1\}/P\{Z=$
$+1$} $=\gamma_{1}/\gamma_{2}$ , $1-\alpha$ ( )
$\phi^{*}(Z)=\{$




. , $c_{1},$ $c_{2}$ $0\leq\gamma\iota,$ $\gamma_{2}\leq 1$ $E(\phi^{*})=1-\alpha$
. $T^{*}:=Z+U$ $\{c_{1}-\gamma_{1}\leq\tau*\leq c_{2}+1+\gamma_{2}\}$
.
, $\theta$ 1/2 . , Ber(1/2) 25
, $S= \sum_{:_{=1}}^{25}X_{1}=12$ . $Z= \sum_{j=1}^{5}\mathrm{Y}_{j}$ ,
, 25 $1-\alpha,$ $c_{1},$ $c_{2},$ $\gamma,$ $\gamma_{1},$ $\gamma_{2}$ $\phi$ $\phi^{*}$
, $T,$ $T^{*}$ 26 .
25 26
, $\theta$ 1/3 . , Ber(1/3)
25 , $S= \sum_{1=1}^{26}.X_{1}=10$ . $Z= \sum_{j=1}^{5}Y_{j}$
, , 27 $1-\alpha,$ $c_{1},$ $c_{2},$ $\gamma,$ $\gamma_{1},$ $\gamma_{2}$ $\phi$








$X_{n}$ , $Y$ ,
( $\sigma$- $\mu$ ) p.d.f. $f(x, \theta)$ , c.d.f. $F(x, \theta)$
. , $\theta\in\Theta\subset R^{1}$ $\theta$ .
, $0<\alpha<1$ , $X:=(X_{1}, \cdots, X_{n})$ X), $\infty$ ) ,
$\theta\in\Theta$
$P_{X,Y}^{\theta}\{Y\leq u(X)\}=1-\alpha$ (3.1)
. , $u(X)$ $1-\alpha$ .
, $1-\alpha=F(\xi_{\theta}, \theta)$ $\xi_{\theta}$ 100\alpha % . $\xi_{\theta}$




. , $\chi$ . , $\hat{\theta}=\hat{\theta}(X)$ $\theta$ – , $\xi_{\theta}$
$\hat{\xi}_{\theta}(X):=\xi_{\hat{\theta}(X)}$ . , $\sqrt{n}(\hat{\theta}-\theta)$ . , $n$
$F( \hat{\xi}_{\theta}, \theta)=F(\xi_{\theta}, \theta)+f(\xi_{\theta}, \theta)(\hat{\xi}_{\theta}-\xi_{\theta})+o_{p}(\frac{1}{\sqrt{n}})$
$=1- \alpha+f(\xi_{\theta}, \theta)(\hat{\xi}_{\theta}-\xi_{\theta})+o_{p}(\frac{1}{\sqrt{n}})$ (3.2)
. - , $F(\xi_{\theta}, \theta)=1-\alpha$ $\theta$
$( \frac{\partial\xi_{\theta}}{\partial\theta})f(\xi_{\theta}, \theta)+[\frac{\partial}{\partial\eta}F(\xi_{\theta},\eta)]_{\eta=\theta}=0$ (3.3)
.
$\hat{\xi}_{\theta}-\xi_{\theta}=\xi_{\hat{\theta}}-\xi_{\theta}=\frac{\partial\xi_{\theta}}{\partial\theta}(\hat{\theta}-\theta)+o_{p}(\frac{1}{\sqrt{n}})$ (3.4)
. , (3.1.3) $(\hat{\theta}-\theta)$
$( \frac{\partial\xi_{\theta}}{\partial\theta})(\hat{\theta}-\theta)f(\xi_{\theta}, \theta)+(\hat{\theta}-\theta)[\frac{\partial}{\partial\eta}F(\xi_{\theta}, \eta)]_{\eta=\theta}=0$
23
, (3.1.4)
$( \hat{\xi}_{\theta}-\xi_{\theta})f(\xi_{\theta}, \theta)+(\hat{\theta}-\theta)[\frac{\partial}{\partial\eta}F(\xi_{\theta}, \eta)]_{\eta=\theta}=o_{p}(\frac{1}{\sqrt{n}})$
,
$f( \xi_{\theta}, \theta)(\hat{\xi}_{\theta}-\xi_{\theta})=-[\frac{\partial}{\partial\eta}F(\xi_{\theta}, \eta)]_{\eta=\theta}(\hat{\theta}-\theta)+\mathrm{o}_{\mathrm{p}}(\frac{1}{\sqrt{n}})$ (3.5)
. (3.1.5) (3.1.2)
$F( \hat{\xi}_{\theta}, \theta)=1-\alpha-[\frac{\partial}{\partial\eta}F(\xi\theta, \eta)]_{\eta=\theta}(\hat{\theta}-\theta)+o_{p}(\frac{1}{\sqrt{n}})$
. , $n$ , $V_{\theta}(\hat{\theta})=1/(nI(\theta))+o(1/n)$ ,
$V_{\theta}(F( \hat{\xi}_{\theta}, \theta))=\{[\frac{\partial}{\partial\eta}F(\xi_{\theta}, \eta)]_{\eta=\theta}\}^{2}V_{\theta}(\hat{\theta})+o(\frac{1}{n})$
$= \frac{1}{nI(\theta)}\{[\frac{\partial}{\partial\eta}F(\xi_{\theta}, \eta)]_{\eta=\theta}\}^{2}+o(\frac{1}{n})$ (36)


















$= \frac{1}{\alpha(1-\alpha)}\{[\frac{\partial}{\partial\eta}F(\xi\theta, \eta)]_{\eta=\theta}\}^{2}$ (3.9)
, (3.1.6), (3.1.9) , $n$
$V_{\theta}(F( \hat{\xi}_{\theta}, \theta))=\frac{1}{nI(\theta)}\{[\frac{\partial}{\partial\eta}F(\xi\theta, \eta)]_{\eta=\theta}\}^{2}+o(\frac{1}{n})\leq\frac{\alpha(1-\alpha)}{n}$ (3.10)
.
, $X_{1},$ $\cdots,$ $X_{n}$ c.d.f. $F(x)$
, $(\mathrm{e}.\mathrm{d}.\mathrm{f}.)\hat{F}_{n}(x):=(1/n)\#\{i|X_{i}\leq x\}$ . $i=1,2,$ $\cdots,$ $n$
$\mathrm{Y}_{1}=\{$
1 $(X:\leq x)$ ,
$0$ $(X_{i}>x)$
, $\mathrm{Y}_{1},$ $\cdots$ , Ber $(F(x))$ , $\sum_{i=1}^{n}Y_{1}$ 2 $B(n, F(x))$
. $\overline{Y}:=(1/n)\sum_{:}^{n}=1\mathrm{Y}_{i}=\hat{F}_{n}(x)$ ,
$V( \overline{Y})=V(\hat{F}_{n}(x))=\frac{1}{n}V(\mathrm{Y}_{1})=\frac{1}{n}F(x)(1-F(x))$





, $\hat{F}_{n}$ – , .
$.2
$X:=(X_{1}, \cdots, X_{n})$ , $Y$ , $X_{1},$ $\cdots,$ $X_{n},$ $Y$
$F$ . $X_{1},$ $\cdots,$ $X_{n},$ $\mathrm{Y}$
$O_{n+1}=\{Z_{1}<\cdots<Z_{n}<Z_{n+1}\}$
$P \{\mathrm{Y}=Z_{i}|O_{n+1}\}=\frac{1}{n+1}$ $(i=1, \cdots,n)$
. $j:=(n+1)\alpha$
$P \{\mathrm{Y}\leq Z_{n+1-j}|O_{n+1}\}=\frac{n+1-j}{n+1}=1-\frac{j}{n+1}=1-\alpha$
. $X_{1},$ $\cdots,$ $X_{n}$ $X_{\langle 1)}\leq\cdots\leq X_{(n)}$
$\mathrm{Y}\leq Z_{n+1-j}\Leftrightarrow Y\leq X_{(n+1-j)}$
$P\{\mathrm{Y}\leq X_{(n+1-j)}|X_{(1)}\leq\cdots\leq X_{(n)}\}=1-\alpha$
. , $F$
$P\{F(\mathrm{Y})\leq F(X_{\langle n+1-j)})|X_{(1)}\leq\cdots\leq X_{(n)}\}=1-\alpha$
.
$U_{(:)}:=F(X_{\langle j)})$ , $V:=F(\mathrm{Y})$
, $U_{(1)}<.$ . . $<U_{\langle n)}$ – $U(\mathrm{O}, 1)$ , $V$ –
$U(\mathrm{O}, 1)$ .
$\mathrm{Y}\leq X_{(n+1-j)}\Leftrightarrow V\leq U_{(n+1-j)}$
$1-\alpha=P\{V\leq U_{\langle n+1-j)}|U_{(1)}<\cdots<U_{(n)}\}=U_{(n+1-j)}$
. $T:=U_{(n+1-j)}$ , $T$ p.d.f.
$f(t)= \frac{n!}{(n-j)!(j-1)!}t^{n-j}(1-t)^{j-1}$ $(0\leq t\leq 1)$
.
$E(T)=1- \frac{j}{n+1}$ , $E(T^{2})= \frac{(n+2-j)(n+1-j)}{n^{2}+3n+2}$
, $j=(n+1)\alpha$
$V(U_{(n+1-j)})=V(T)=E(T^{2})- \{E(T)\}^{2}=\frac{\alpha(1-\alpha)}{n+2}$
, $\alpha(1-\alpha)/n$ , 31 .
26
3.1 $\{\alpha(1-\alpha)/n\}-\{\alpha(1-\alpha)/(n+2)\}$ $(\cross 10^{-5})$
3.3
$X:=(X_{1}, \cdots, X_{n})$ , $Y$ , $X_{1},$ $\cdots,$ $X_{n},$ $\mathrm{Y}$
$N(\theta, 1)$ . , $\theta$ .
, $\overline{X}:=(1/n)\sum_{1=1}^{n}.X_{j}$ $\theta$ – $([\mathrm{A}03])$ .




. , $u_{\alpha}$ $N(\mathrm{O}, 1)$ 100\alpha % .
$F(\hat{\xi}_{\theta}, \theta)=\Phi(u_{\alpha}+\overline{X}-\theta)$
. – , $\overline{X}$ $N(\theta, 1/n)$ , $Z:=\sqrt{n}(\overline{X}-\theta)$ $N(\mathrm{O}, 1)$ . , $\phi$



















. , $g’(x)\leq 0(x\in R^{1})$ , $g(x)$ .
$g(\mathrm{O})=1-2\Phi(0)-2\phi’(0)=1-1-0=0$
, $x\geq 0$ , $g(x)\leq 0$ . $x\geq 0$ , $f(x)$ $f’(x)\leq 0$






. $\{\phi(u_{\alpha})\}^{2}\leq\alpha(1-\alpha)$ . , (3.1.10) (3.3.1)
$n$ 32, 31 .




$X:=$ $(X_{1}, \cdots , X_{n})$ , $Y$ , $X_{1},$ $\cdots$ , $X_{n},$ $Y$
$N(\mathrm{O}, \theta)$ . , $\theta$ .
, $(1/n) \sum_{1=1}^{n}X_{:}^{2}$ $\theta$ – $([\mathrm{A}03])$ .




. , $u_{\alpha}$ $N(\mathrm{O}, 1)$ 100\alpha % .
.

























, $x\geq 0$ $g(x)$ .
$g’(x)=-\phi(x)-x\phi’(x)-2x\phi’(x)-2\phi(x)-x^{2}\phi’’(x)$
$=-\phi(x)(x^{4}-4x^{2}+3)$
, $x\geq 0$ $g(x)$ $x=1$ , . $g(1)=$. $-0.68$ ,
$g(\sqrt{3})=$. $-0.61,$ $g(\mathrm{O})=0$ , $x\geq 0$ , $g(x)\leq 0$ .
30






, (3.4.2) . $\alpha(1-\alpha)-u_{\alpha}^{2}\{\phi(u_{\alpha})\}^{2}/2\geq 0$ , (3.1.10)
(3.4.1) $n$ 33, 32 .
33 $\alpha(1-\alpha)-[u_{\alpha}^{2}\{\phi(u_{\alpha})\}^{2}/2]$ $(\cross 10^{-2})$
32 $\alpha(1-\alpha)-[u_{\alpha}^{2}\{\phi(u_{\alpha})\}^{2}/2]$
35
$X:=(X_{1}, \cdots, X_{n})$ , $\mathrm{Y}$ , $X_{1},$ $\cdots,$ $X_{n},$ $\mathrm{Y}$
$\mathrm{E}\mathrm{x}\mathrm{p}(\lambda)$ . , $\lambda$ .
, $\mathrm{p}.\mathrm{d}.\mathrm{f}.$ , c.d.f.
$f(x, \lambda)=\frac{1}{\lambda}e^{-3}$ , $F(x, \lambda)=1-e^{-\frac{s}{\lambda}}$ $(x>0)$
, $\overline{X}$ $\lambda$ – $([\mathrm{A}03])$ .
, $i=1,$ $\cdots,$ $n$ $Z_{1}:=X_{i}/\lambda$ , $Z_{1},$ $\cdots,$ $Z_{n}$







$G(n, 1)$ \dagger . , $\xi_{\lambda}$ $\mathrm{E}\mathrm{x}\mathrm{p}(\lambda)$ 100\alpha %
$F(x, \lambda)=F_{0}(x/\lambda)$ $1-\alpha=F_{0}(\xi_{\lambda}/\lambda)$ , $x>0$
$\xi_{\lambda}=\lambda F_{0}^{-1}(1-\alpha)$
. , $\lambda$ $\hat{\lambda}=\overline{X}$ $\xi_{\lambda}$
$\hat{\xi}_{\lambda}=\xi_{\hat{\lambda}}=\hat{\lambda}F_{0}^{-1}(1-\alpha)=\overline{X}F_{0}^{-1}(1-\alpha)$
. , Exp(l) 100\alpha % \alpha $k$ $=F_{0}^{-1}(1-\alpha)$ ,
$\hat{\xi}_{\lambda}=k_{\alpha}\overline{X}$ , $n$ , Exp(l) p.d.f.
$F_{0}( \frac{\hat{\xi}_{\lambda}}{\lambda})=F_{0}(k_{\alpha}\frac{\overline{X}}{\lambda})=F_{0}(\text{ _{}\alpha}+k_{\alpha}(\frac{\overline{X}}{\lambda}-1))$
$=F_{0}(\text{ _{}\alpha})+$ \alpha $f_{0}( \text{ _{}\alpha})(\frac{\overline{X}}{\lambda}-1)+o_{p}(\frac{1}{\sqrt{n}})$
$=F_{0}(k_{\alpha})+( \frac{k_{\alpha}\sum_{:}^{n}=1X_{i}}{n\lambda}-k_{\alpha})f_{0}(\text{ _{}\alpha})+o_{p}(\frac{1}{\sqrt{n}})$
$=F_{0}( \text{ _{}\alpha})+(\frac{\text{ _{}\alpha}\sum_{*=1}^{n}Z_{i}}{n}.)f_{0}(k_{\alpha})-k_{\alpha}f_{0}(\text{ _{}\alpha})+o_{p}(\frac{1}{\sqrt{n}})$
.
$V( \prime F(\hat{\xi}_{\lambda}, \lambda))=V((\frac{k_{\alpha}\sum_{:}^{n}=1Z_{i}}{n})f_{0}(\text{ _{}\alpha}))+o(\frac{1}{n})$
$= \frac{k_{\alpha}^{2}\{f_{0}(\text{ _{}\alpha})\}^{2}}{n^{2}}V(\sum_{:=1}^{n}Z_{1}.)+o(\frac{1}{n})$
$= \frac{\text{ _{}\alpha}^{2}\{f_{0}(k_{\alpha})\}^{2}}{n}+o(\frac{1}{n})$ (3.14)









. , $x\geq 0$ $g(x)$ .
$g(0):=e^{0}(1+0^{2})=1$
, $x\geq 0$ , $g(x)\leq 1$ . , $x\geq 0$
$e^{-x}(1-e^{-x}(1+x^{2}))\geq 0$
, (3.5.3) (3.5.2) . (3.1.10) (3.5.1) $n$
34, 33 . , $\beta$ $W(\beta, \lambda)$
.








$\{\phi(u_{\alpha})\}^{2}/n$ , 35 34 .



















$k_{\alpha}^{\mathit{2}}\{f_{0}(k_{\alpha})\}^{2}/n$ , 37 36 .
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